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Abstract 

Knowledge  of  the  species  distribution  within  a  polymer  electrolyte  fuel  cell  (PEFC)  is  critical  to  fully  characterize  the  local  performance 
and  accurately  quantify  the  various  modes  of  water  transport.  This  paper  describes  the  results  of  a  newly  developed  real-time  technique  for  in 
situ  measurement  of  water  vapor,  nitrogen  and  oxygen  distributions  within  the  reactant  flow  channels  of  an  operating  PEFC  using  an  Agilent 
real-time  gas  analyzer  (RTGA).  The  RTGA  was  interfaced  directly  to  the  fuel  cell  at  various  locations  along  the  single  path  serpentine  anode 
and  cathode  flow  channels  of  a  specially  designed  fuel  cell.  Species  distribution  data  are  combined  with  measured  high  frequency  resistance 
and  current  distribution.  The  periodic  presence  of  liquid  water  droplets  in  the  cathode  at  high  current  density  and  at  locations  near  the  cathode 
exit  is  also  observed. 

©  2004  Elsevier  B.V.  All  rights  reserved. 
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1.  Introduction 

Many  researchers  have  experimentally  investigated  the  re¬ 
lationship  between  various  operating  conditions  and  perfor¬ 
mance  of  polymer  electrolyte  fuel  cells  (PEFCs)  [1-14].  The 
reader  is  referred  to  refs.  [15,16]  for  additional  information 
on  PEFC  fundamentals.  In  addition  to  experimental  research, 
first  principle-based  modeling  of  PEFCs  has  also  been  ex¬ 
tensively  developed  in  recent  years  [17-33].  At  this  stage, 
however,  the  experimental  ability  to  validate  the  increasingly 
complex  models  is  lagging  behind  the  predictive  capabili¬ 
ties.  Real-time  methods  for  experimental  determination  of 
species,  temperature,  current  and  other  important  parameters 
are  needed  to  examine  distributed  and  transient  phenomena, 
and  to  provide  precise  benchmark  data  for  detailed  model  val¬ 
idation.  This  work  addresses  the  need  for  real-time  species 
distribution  data  with  a  new  experimental  device  that  can 
be  used  to  rapidly  (1  Hz  data  acquisition  frequency)  conduct 
species  profiling  in  an  operating  PEFC. 
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The  species  distribution  within  PEFC  is  critical  for  un¬ 
derstanding  the  local  performance  of  a  PEFC  because,  at 
different  locations,  the  same  cell  can  be  simultaneously 
suffering  flooding,  drying,  and  gas-phase  transport  limi¬ 
tations.  This  fact  alone  limits  the  quantitative  usefulness 
of  bulk  approximations.  Of  particular  interest  is  the  wa¬ 
ter  vapor  distribution  within  the  gas  channels.  The  complex 
interrelated  modes  of  water  transport  tend  to  dominate  per¬ 
formance  and  stability,  because  electrolyte  ionic  conduc¬ 
tivity  increases  with  water  content,  but  excess  water  will 
limit  performance  via  flooding.  Many  researchers  have  con¬ 
ducted  studies  and  developed  models  that  describe  the  wa¬ 
ter  transport  through  fuel  cell  components,  including  the 
electrolyte  and  porous  gas  diffusion  layers  [34-41].  In  or¬ 
der  to  validate  these  models,  the  in  situ  mole  fraction  dis¬ 
tribution  of  water  vapor  and  other  species  within  the  gas 
channel  is  needed.  A  few  authors  have  studied  overall  wa¬ 
ter  balance  in  an  operating  fuel  cell  by  collecting  the  fuel 
cell  effluent,  and  condensing  the  gas-phase  water  vapor 
[42-45].  While  insightful,  these  studies  do  not  provide  tran¬ 
sient  data  on  the  water  distribution  throughout  the  cell, 
which  could  vary  widely  depending  on  operating  conditions, 
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current  distribution  and  local  non-isotropic  transport  param¬ 
eters. 

In  a  recent  work,  Mench  et  al.  [46]  demonstrated  the  abil¬ 
ity  to  accurately  measure  the  in  situ  water  vapor  mole  fraction 
distribution  in  an  operating  PEFC  with  an  Agilent  3000  Mi- 
croGC  Gas  Chromatograph,  without  the  need  for  condensa¬ 
tion  of  the  water  vapor.  While  this  technique  provides  molar 
percent  level  accuracy  of  the  water  vapor  content  across  the 
flow  channels,  it  still  requires  on  the  order  of  5  min  per  data 
point,  and  has  limited  accuracy  for  low  levels  of  some  impor¬ 
tant  species  such  as  CO.  Thus,  the  utility  of  this  technique 
is  still  essentially  limited  to  analyzing  steady  state  species 
distribution.  In  order  to  enable  the  study  of  species  transport 
dynamics  in  the  fuel  cell,  it  is  necessary  to  decrease  the  time 
between  consecutive  data  points  by  another  order  of  magni¬ 
tude,  while  increasing  accuracy. 

In  this  paper,  the  ability  to  measure  various  species  includ¬ 
ing  water  vapor,  nitrogen  and  oxygen  in  near  real  time  (~1  s 
per  data  point)  is  demonstrated  with  an  Agilent  real-time  gas 
analyzer  system.  The  300-fold  decrease  in  data  collection 
time  compared  to  the  MicroGC  method  makes  it  possible  to 
continuously  monitor  species  mole  fraction  changes  at  se¬ 
lected  locations  along  the  anode  or  cathode  flowpath,  and 
also  provides  detailed  understanding  and  perspective  of  the 
time  scales  of  the  various  intercoupled  multi-phase  dynamic 
transport  phenomena. 

Since  water  generation  is  directly  proportional  to  current 
density,  it  is  also  desirable  to  couple  water  and  current  dis¬ 
tribution  measurements  to  provide  detailed  information  on 
non-uniform  transport  and  generation  effects.  This  can  be  ac¬ 
complished  with  a  segmented  cell  approach,  developed  and 
described  in  refs.  [47,48].  Along  with  current  and  species  dis¬ 
tribution,  high  frequency  resistance  (HFR)  distribution  can  be 
used  to  reveal  the  local  ionic  conductivity  (and  thus  hydration 
state)  of  the  electrolyte.  This  is  accomplished  in  this  study 
with  a  multi-channel  3  kHz  ac  impedance  analyzer  that  scans 
the  same  areas  where  current  density  is  measured  through  the 
segmented  cell  technique. 

2.  Experimental 

In  order  to  accurately  measure  the  hydrogen,  oxygen,  ni¬ 
trogen,  and  water  species  present  in  the  fuel  cell,  a  G3163A 
real-time  gas  analyzer  (RTGA)  was  utilized  (Agilent  Tech¬ 
nologies  Inc.).  A  continuous  flow  of  sample  gas  mixture  (<3% 
of  total  gas  mixture  in  the  fuel  cell)  was  diverted  from  the 
fuel  cell  to  the  RTGA.  Using  the  RTGA  eliminates  the  need 
for  gas  species  separation.  The  sample  line  temperature  from 
fuel  cell  to  the  RTGA  was  monitored  and  kept  well  above 
100  °C  (typically  150  °C),  to  prevent  condensation  of  water 
vapor  in  the  sample  line.  Since  low-pressure  gas  flow  can 
hold  a  greater  mole  fraction  of  water  than  higher-pressure 
gas  flow,  there  is  no  condensation  resulting  from  the  pressure 
drop  from  the  fuel  cell  location  to  the  RTGA  inlet.  Depend¬ 
ing  on  the  pressure  of  the  fuel  cell,  the  average  delivery  time 


for  species  from  the  fuel  cell  to  the  RTGA  was  determined  to 
be  around  0.3  s,  based  on  calculations  of  sample  line  interior 
volume  and  known  flow  rate. 

A  50  cm2  active  area  fuel  cell  was  utilized  in  this  study. 
The  fuel  cell  has  a  single  channel,  serpentine  design  and 
is  segmented  to  allow  simultaneous  current  density  distri¬ 
bution  measurements,  as  described  in  refs.  [47,48].  Further 
specific  details  and  geometry  of  the  instrumented  fuel  cell 
are  given  in  ref.  [49].  Fig.  1  is  a  schematic  diagram  detailing 
the  relevant  dimensions  of  the  fuel  cell.  The  dimension  of 
the  flow  channel  was  chosen  to  be  2.2  mm  in  width,  3.2  mm 
in  depth,  and  has  an  average  pass  length  of  approximately 
71  mm. 

The  membrane  electrode  assembly  (MEA)  used  for  test¬ 
ing  was  provided  by  W.F.  Gore  and  Associates,  with  carbon 
paper  GDF  on  the  anode  and  cathode,  and  an  electrolyte 
thickness  of  1 8  [xm.  Other  standard  operating  conditions 
for  the  data  presented  are  given  in  Table  1  for  reference. 
Ultra-high  purity  (>99.999%)  hydrogen  and  breathing  grade 
air  were  supplied  from  compressed  gas-cylinders.  The 
multi-channel  potentiostat  used  in  this  work  was  manufac¬ 
tured  by  Arbin  Instruments  (College  Station,  Texas)  and 
also  provides  humidity,  temperature,  pressure,  and  flow  rate 
control. 

For  species  distribution  measurements,  eight  species  ex¬ 
traction  ports  are  located  along  the  anode  and  cathode  ser¬ 
pentine  paths  of  the  specialized  fuel  cell.  They  are  positioned 
within  the  1st,  4th,  7th,  10th,  13th,  16th,  19th  and  22nd  reac¬ 
tant  channel  passes  at  4.3,  17.4,  30.4,  43.5,  56.5,  69.6,  82.6 
and  95.7%  of  the  fractional  distance  along  the  single  serpen¬ 
tine  path  from  the  channel  inlet,  respectively.  To  reduce  water 
droplet  blockage  and  false  readings,  the  extraction  takes  place 
along  the  back  wall  of  the  polycarbonate  retaining  plate,  at 
the  farthest  distance  from  the  MEA. 


3.  Results  and  discussion 

3.1.  RTGA  calibration  and  measurement 

Calibration  was  conducted  before  every  set  of  experi¬ 
ments,  and  is  accomplished  with  ultra-high  purity  gasses  and 
an  adiabatic  saturation  device  for  water  quantification.  The 
adiabatic  saturator  is  operated  at  extremely  low  flow  rate  and 
precisely  known  temperature  and  pressure,  to  ensure  a  known 
humidity  of  the  calibration  gas  mixture.  For  water  vapor  cal¬ 
ibration,  a  single  point  calibration  is  made  at  a  humidifier 
exit  temperature  of  around  50  °C,  and  the  measured  ion  re¬ 
sponse  signal  is  correlated  to  the  water  vapor  mole  fraction 
determined  through  thermodynamic  calculation.  Then,  the 
temperature  of  the  adiabatic  saturator  is  increased,  and  the 
calibration  is  checked  against  the  theoretical  value  to  ensure 
accuracy. 

A  calibration  curve  taken  for  fully  humidified  airflow  is 
shown  in  Fig.  2.  The  calibration  curves  shown  are  based  on 
a  bottled  air  mixture  at  2.4  atm  (20.6  psig)  humidification 
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Fig.  1.  Schematic  diagram  of  the  50  cm2  instrumented  test  cell  with  relevant  dimensions  shown. 


pressure.  The  theoretical  data  are  calculated  based  on  ther¬ 
modynamics  of  saturated  mixtures.  The  average  measured 
mole  fraction  is  within  ±0.5%  mole  fraction  of  the  theoret¬ 
ical  value,  up  to  very  high  values  of  water  mole  fraction  at 
90  °C.  This  compares  to  a  scatter  of  ±5.0%  mole  fraction 
observed  with  the  GC  in  ref.  [34] . 

Fig.  3  shows  a  plot  of  the  measured  ion  count  (which 
correlated  to  the  mole  fraction  via  calibration)  versus  time 
as  the  adiabatic  saturator  set-point  temperature  is  increased 
in  discreet  increments.  At  the  bottom  of  the  chart,  minute 
amounts  of  carbon  dioxide  and  argon  are  observed.  This  is  a 
result  of  the  impurities  present  in  the  industrial  air  cylinder 
used.  Typical  values  for  Ar  and  CO2  impurities  in  the  grade 


of  commercial  cylinders  used  range  from  0  to  1 800  and  0  to 
2  ppm,  respectively.  The  fact  that  a  measurable  signal  is  gen¬ 
erated  for  these  minor  species  demonstrates  the  precision  of 
the  RTGA  device.  Following  the  water  vapor  ion  count  with 
time,  oscillation  can  be  observed,  with  increasing  amplitude 
as  the  humidification  set-point  temperature  is  increased.  It 
is  interesting  to  note  that  this  variation  in  the  signal  corre¬ 
sponds  to  measured  adiabatic  saturator  set  point  temperature 
oscillation,  not  measurement  uncertainty.  This  variation  is 
also  observed  to  varying  degrees  in  humidification  systems 
used  in  fuel  cells.  Additional  calibrated  data  shows  that  this 
oscillation  can  amount  to  ±1%  mole  fraction  of  water  va¬ 
por  in  the  flow  channels,  depending  on  operating  condition 


Table  1 


Baseline  operating  conditions 


Parameter 

Value 

Units 

Electrolyte 

GORE  PRIME  A®  (18  pan) 

NA 

Gas  diffusion  layer 

ELAT®  (E-TEK  of  De  Nora  North  America)  anode  and  cathode 

NA 

Catalyst  loading  (carbon  supported) 

0.5 

mg  cm-2 

Cell  temperature 

80 

°C 

Anode  inlet  temperature 

80 

°C 

Cathode  inlet  temperature 

80 

°c 

Cathode  flow  rate 

2.0 

A  cm-2  equivalent 

Anode  flow  rate 

1.5 

A  cm-2  equivalent 

Cathode  pressure 

30 

psig 

Anode  pressure 

30 

psig 

Cathode  inlet  humidity 

50%  at  80  °C 

NA 

Anode  inlet  humidity 

100%  at  80  °C 

NA 

Anode  gas 

Ultra  high  purity  H2  (>99.999%) 

NA 

Cathode  gas 

Breathing  air  (79%  N2,  21%  O2) 

NA 
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Fig.  2.  Comparison  between  measured  and  theoretical  water  vapor,  oxygen  and  nitrogen  concentrations.  Measured  with  baseline  calibration  value  at  50  °C. 
The  adiabatic  saturator  was  at  2.4  atm  (20.6  psig)  pressure. 


and  location.  This  indicates  that  the  inlet  vapor  mole  fraction 
may  not  always  be  suitably  approximated  as  constant,  de¬ 
pending  on  the  humidification  apparatus,  and  with  a  function 
best  characterized  experimentally. 

3.2.  Benchmark  data 

Figs.  4-6  show  the  measured  water,  nitrogen  and  oxy¬ 
gen  mole  fraction  at  locations  of  4.3,  56  and  83%  along  the 
single  channel  cathode  flowpath,  respectively.  The  species 
distributions  in  these  figures  are  plotted  as  a  function  of 
time,  for  three  fuel  cell  voltages  of  0.8,  0.65  and  0.5  V.  The 
measured  current  distribution  associated  with  these  mea¬ 
surements  is  shown  in  Fig.  7.  The  fuel  cell  was  operated 
under  the  conditions  listed  in  Table  1.  This  series  of  tests 
were  designed  to  illustrate:  (1)  the  effect  of  a  dynamic 
change  in  current  density  on  the  water,  nitrogen  and  oxy¬ 


gen  mole  fractions;  (2)  the  increase  of  water  saturation  and 
concomitant  formation  of  water  droplets  along  the  cathode 
flowpath. 

It  can  be  seen  from  Fig.  4  (at  4.3%  along  the  cathode 
flowpath — essentially  the  entrance),  that  local  conditions  are 
dominated  by  cathode  inlet  flow,  and  here  current  density  has 
little  effect  on  the  gas-channel  level  liquid  saturation.  Also, 
the  increase  in  fuel  cell  current  density  (which  accompanies 
the  controlled  decrease  in  cell  voltage  from  0.7  to  0.65  and 
0.5  V),  has  little  effect  on  channel  mole  fraction  due  to  the 
high  local  stoichiometry  at  the  inlet  location.  That  is,  only  a 
small  fraction  of  the  total  reactant  flow  has  been  consumed 
by  this  entrance  location. 

Fig.  5  presents  data  taken  at  56%  along  the  cathode 
flowpath — essentially  the  middle  of  the  flowpath.  At  this  lo¬ 
cation,  the  current  density  has  a  definite  effect  on  the  fractions 
of  water,  nitrogen  and  oxygen.  The  approximate  time  scale 
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Fig.  3.  Plot  of  ion  count  measured  by  RTGA  vs.  time  as  the  adiabatic  saturator  set-point  temperature  is  increased  in  discreet  increments  from  40  to  90  °C. 
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Fig.  4.  Water  vapor  distribution  at  a  distance  of  x/L  =  0.043  along  cathode  serpentine  flowpath.  Changes  in  cell  voltage  are  marked  by  the  vertical  dashed  lines 
from  0.8  to  0.65  V  and  0.65  to  0.5  V. 


of  gas-phase  channel  flow  adjustment  (~1  min)  can  be  seen 
from  this  figure  by  comparing  the  voltage  adjustment  time  to 
the  gas-phase  adjustment  time.  Subsequent  work  will  quan¬ 
tify  this  parameter  in  more  detail,  since  it  was  not  rigorously 
recorded  in  this  preliminary  study.  It  is  interesting  to  note 
the  presence  of  spikes  in  the  species  mole  fraction.  This  is  a 
result  of  sporadic  water  droplet  entrainment  into  the  RTGA 
sample  line,  and  is  evidence  of  the  emergence  of  liquid  water 
droplets  on  the  gas  diffusion  layer  (GDL)  and  in  the  cath¬ 
ode  flow  channel.  At  0.8  V  (low  bulk  current  density  of  about 


0.2  A  cm-2),  there  are  no  droplets  measured  over  10  min  time 
at  this  location.  When  the  cell  voltage  is  lowered  to  0.65  V 
(higher  bulk  current  density  of  ~0.6  A  cm-2),  liquid  droplets 
emerge  at  this  location  midway  along  the  cathode  flowpath, 
with  a  frequency  of  about  one  spike  every  10  min.  When 
the  cell  voltage  is  lowered  to  0.50  V  (highest  bulk  current 
density  of  ~0.65  A  cm-2),  liquid  droplets  are  recorded  more 
frequently,  corresponding  to  the  higher  generation  rate  of  wa¬ 
ter.  At  this  voltage,  the  frequency  of  liquid  water  droplets  is 
about  once  every  4-5  min. 


Time  (min) 


Fig.  5.  Water  vapor  distribution  at  a  distance  of  x/L  =  0.565  along  cathode  serpentine  flowpath.  The  portion  of  the  plot  circled  with  a  dashed  line  highlights  the 
transient  response  to  the  change  in  voltage.  Spikes  in  mole  fraction  data  are  indicative  of  the  presence  of  liquid  droplets  in  the  flow  channel. 
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Fig.  6.  Water  vapor  distribution  at  a  distance  of  x/L  =  0.826  along  cathode  serpentine  flowpath.  More  liquid  droplet  peaks  are  evident  at  this  downstream 
location  near  the  cathode  channel  exit. 


Fig.  6  presents  data  taken  at  82.6%  along  the  cathode 
flowpath — near  the  outlet  of  the  fuel  cell.  At  this  location, 
the  current  density  has  a  very  strong  effect  on  the  fractions 
of  water,  nitrogen  and  oxygen,  as  expected.  There  is  clearly  a 
strong  dependence  of  oxygen  and  nitrogen  mole  fraction  on 
current  density,  as  the  longer  path  length  increases  the  inte¬ 
grated  water  uptake  and  species  consumption.  Compared  to 
Fig.  5,  the  same  trend  from  0.8  to  0.5  V  is  observed  in  terms 
of  liquid  droplets.  At  0.8  V,  there  are  no  droplets  measured 
over  15  min  time.  When  the  cell  voltage  is  lowered  to  0.65  V, 


liquid  droplets  emerge  with  a  frequency  of  about  once  every 
3  min,  compared  to  one  every  10  min  for  the  mid-channel  lo¬ 
cation  shown  in  Fig.  5.  When  the  cell  voltage  is  lowered  to 
0.50  V,  liquid  droplets  are  observed  at  a  frequency  of  about 
once  every  1-2  min.  These  data  are  especially  valuable  for 
two-phase  modeling  that  predicts  droplet  growth  and  trans¬ 
port. 

Figs.  7  and  8  show  the  distributed  current  density  and 
high  frequency  resistance  (HFR  measured  at  3  kHz)  for  the 
same  test  conditions  listed  in  Table  1,  respectfully.  Recall 


Fig.  7.  Plot  of  current  density  vs.  the  fractional  distance  from  the  cathode  inlet  at  different  voltages.  The  vertical  dashed  lines  represent  the  different  sampling 
port  locations  shown  in  Figs.  4-6. 
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Fig.  8.  Plot  of  high  frequency  resistance  distribution  (3  kHz)  vs.  fractional 
represent  the  different  sampling  port  locations  shown  in  Figs.  4-6. 

that  the  inlet  humidity  of  the  cathode  is  50%  at  80  °C,  and 
the  anode  inlet  is  100%  RH  at  80  °C.  The  current  density 
for  the  case  of  0.8  and  0.65  V  is  generally  homogeneously 
distributed.  The  HFR  shows  a  similar  trend.  For  the  case  of 
0.5  V,  the  bulk  current  density  is  higher  than  the  0.65  V  case, 
but  in  the  middle  of  the  cell,  it  is  slightly  lower.  The  high 
initial  current  density  at  the  inlet  of  the  fuel  cell  for  the  0.5  V 
case  apparently  results  in  anode  dryout,  for  increased  current 
density  and  diffusion  to  the  dry  cathode,  and  associated  high 
HFR.  The  combination  of  HFR,  current  density  and  species 
distributions  at  the  same  test  conditions  represent  a  set  of 
detailed  benchmark  data  for  model  validation. 


distance  from  the  cathode  inlet  at  different  voltages.  The  vertical  dashed  lines 

Fig.  9  shows  the  steady  state  water  uptake  for  three  cell 
voltages  as  functions  of  fractional  distance  from  the  cathode 
inlet  for  the  same  test  conditions.  Each  point  shown  here 
represents  the  average  of  at  least  5 -min  continuous  data.  For 
a  cell  voltage,  due  to  water  generation,  electro-osmotic  drag 
and  water  diffusion  from  the  anode  to  the  dry  cathode,  cathode 
water  mole  fraction  increased  along  the  flowpath.  Since  both 
water  generation  and  electro-osmotic  drag  are  directly  related 
to  current  density,  it  can  be  seen  from  the  figure  that  cell 
voltage  has  significant  effect  on  cathode  water  uptake,  as 
indicated  by  the  liquid  droplet  emerging  frequency  variation 
shown  in  Figs.  5  and  6.  Lower  cell  voltage  resulted  in  higher 


Fig.  9.  Plot  of  the  steady  state  water  vapor  uptake  in  the  cathode  flow  channel  vs.  the  fractional  distance  along  cathode  flowpath  for  three  fuel  cell  voltages. 
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Fig.  10.  Plot  of  the  steady  state  water  vapor  uptake  in  the  cathode  flow  channel  vs.  fuel  cell  voltage  for  three  different  fractional  distances  through  the  cathode 
flowpath. 


water  content  due  to  the  higher  respective  current  density. 
For  the  cases  of  0.65  and  0.5  V,  the  water  mole  fractions  are 
close  because  of  their  close  current  densities, 

Fig.  10  shows  the  steady  state  water  mole  fraction  for 
three  sampling  locations  as  functions  of  cell  voltage.  Each 
point  in  the  figure  still  represents  the  average  of  at  least  5- 
min  continuous  data  shown  in  Figs.  4-6.  It  can  be  seen  that  the 
water  mole  fraction  at  a  sampling  location  is  directly  related 
to  the  current  density  and  the  upstream  membrane  area  of  the 
location.  For  the  position  at  4.3%  along  the  cathode  flowpath, 
cell  voltage  did  not  show  obvious  effect  on  cathode  water 
mole  fraction  due  to  the  small  membrane  area  in  front  of  the 
location. 


4.  Conclusions 

An  Agilent  real-time  gas  analyzer  (RTGA)  has  been  cali¬ 
brated  and  interfaced  to  a  PEFC  to  enable  rapid  and  precise 
measurement  of  species  distribution  in  real  time.  This  tech¬ 
nique  can  be  used  to  directly  profile  water  and  other  species 
in  the  anode  and  cathode  of  an  operating  fuel  cell  and  also 
directly  capture  the  transient  gas-phase  channel  level  adjust¬ 
ment  to  changes  in  other  operating  conditions,  such  as  current 
density.  This  new  technique  was  used  with  existing  experi¬ 
mental  diagnostics  for  distributed  current  and  high  frequency 
resistance  measurement  to  generate  a  set  of  detailed  bench¬ 
mark  data.  The  presence  of  liquid  water  droplets  on  the  GDL 
surface  was  observed  through  water  vapor  signal  peaks.  As 
expected,  more  cathode-side  water  droplets  are  present  as 
current  is  increased  or  the  location  is  more  toward  the  cath¬ 
ode  exit.  Considering  the  high  accuracy  of  measuring  various 
species,  this  new  diagnostic  technique  is  presently  being  used 


by  the  author’s  laboratory  to  study  many  important  phenom¬ 
ena  in  great  detail,  especially  water  transport  dynamics. 
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